UNCLASSIFIED

FY 2003 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2002

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602782N
PROGRAM ELEMENT TI TLE: M ne and Expeditionary Warfare Applied Research

(U) COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 TO TOTAL
TITLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE PROGRAM

M ne and Expeditionary Warfare Applied Research
** 57,158 56, 813 56, 354 54,599 53, 284 56, 306 CONT. CONT.
**The Sci ence and Technol ogy PEs were restructured in FY 2002. FY 2001 efforts were funded in PE 0602315N

A. (U) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Navy program el enent (PE) provides technol ogies for nava
M ne Counterneasures (MCM, U S. Naval sea mines, Naval Special Warfare, and Departnent of Defense (DOD) Explosive
Ordnance Disposal (EOD). It is strongly aligned with the Joint Chiefs of Staff Joint Warfighting Capabilities through
the devel opnent of technologies to achieve nmilitary objectives (Power Projection fromthe Sea) with nmininmal casualties
and col | ateral danmage. The PE supports the Joint Littoral Warfare M ssion Area by focusing on technol ogies that wll
provi de the Naval Force with the capability to dom nate the battl espace, project power fromthe sea, and support forces
ashore with particul ar enphasis on rapid MCM operations. The MCM thrusts concentrate on the devel opnent and transition
of technol ogies for organic mne counternmeasures and Future Naval Capabilities supporting Ship to Objective Maneuver
These include technol ogies for clandestine mnefield surveillance and reconnai ssance, organic self-protection, organic
m nehunting, neutralization/breaching and cl earance. The sea nining thrust enphasizes technol ogies for future sea m nes.
The Naval Special Warfare and EOD technol ogy thrust concentrates on the devel opnent of technol ogies for near-shore

m ne/ obstacl e detection and cl earance, nmobility and survivability, as well as explosive ordnance di sposal

(U) MCM Technol ogy: Nations that threaten the US have the capability to procure, stockpile and rapidly deploy all types
of naval mines, including new generation nmnes having sophisticated performance characteristics, throughout the littora
battl espace. Advanced technologies are required to rapidly detect and neutralize all mne types, from deep water to the
beach. This task has two major thrusts: (1) Mne/obstacle detection and (2) m ne/obstacle neutralization. The detection
thrust includes: renpte sensing techniques to survey threat nmining activities and m ne/obstacle field | ocations;
advanced acoustic/ non-acoustic sensors and processing technol ogies (e.g. biom netic, broadband, synthetic aperture) for
rapid mnefield reconnai ssance and determnination of the location of individual mnes and obstacles. The neutralization
thrust includes influence sweeping technol ogies for influence nmnefield clearance, explosive and non-expl osive
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technol ogies for m ne/obstacle field breaching, and advanced technologies to rapidly neutralize shallow water (SW sea
m nes. The overall goal of the MCMtechnol ogy thrust is the reduction of MCMtactical timelines and increased standoff.

(U Mne Technol ogy: The requirenents for inproved sea mne technol ogi es has changed due to the reduced threat of the
traditional nodern submarines and surface ships. The elevated threats today are the third world subrmarines and surface
shi ps, which may be encountered in the littoral waters of regional conflicts. Despite the dimnished sophisticated
threat, it is inperative that the US Navy maintains a broad-based and robust sea nmining capability through advanced m ne
sensors, environnental characterization, and systens performance anal ysis technol ogi es. Enphasis is placed on
potentially high payoff advanced sensors for target detection and discrimnation and on | ow cost, w de area sea m ne
system concepts, including positive command/ control mechani sns and expanded weapon effectiveness for regional warfare.

(U) Special Warfare Technol ogy: Naval Special Warfare (NSW missions prinmarily support covert naval operations. The goa
is to develop technology required to increase the conbat range and effectiveness of Special Warfare units. A mgjor
current focus is to devel op technol ogi es to enhance the Sea-Air-Land m ssion of pre-invasion detection for

cl earance/ avoi dance of mines and obstacles in the very shallow water (VSW and surf zone (SZ) approaches to the
anphi bi ous | andi ng areas. Inprovenents to m ssion support equi prment are needed to increase the probability of nission
success, endurance and SEAL swi mmer survivability.

(U) EOD Technol ogy: Technol ogy devel opnment for EOD needs addresses the DOD Joint Service and interagency
responsibilities in EOD, including that required to counter and neutralize Wapons of Mass Destruction (WWD). The
technol ogi es devel oped are required for locating, rendering safe and di sposing of Unexpl oded Expl osive Ordnance (UXO).
These operations typically occur in deep, poor-visibility water, in areas of high background noise, and in strategic
operating areas contam nated by a variety of UXO Advanced technol ogi es are needed for gaining access to areas
cont am nat ed by sophisticated area-deni al sensors and/or booby traps and for contending with WWD. These technol ogies are
expected to transition to the Joint Service EOD Program the Naval EOD Program or the DOD Techni cal Response G oup

(U) Due to the nunmber of efforts in the PE, the prograns described are representative of the work included in the PE

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possible applications toward solution of specific naval problens, short of a
mej or devel opnent effort.
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B. (U PROGRAM ACCOWVPLI SHVENTS AND PLANS

1. (U FY 2001 ACCOWPLI SHVENTS
= (U ($30,310) M NE/ OBSTACLE DETECTION: (FY 01 acconplishnents were funded in PE 0602315N)

(U) Acoustic Sensor: Completed analysis of synthetic aperture sonar (SAS) Fleet Battle Experinent Hote
denonstration results showi ng good agreenent with predicted resolution and excellent clutter rejection
Compl eted field-testing of broadband, |ow frequency synthetic aperture sonar (SAS) projector technol ogy and
integration into SAS testbed. Conpleted | aboratory testing of small acoustic sensors. Began integration of
acoustic sensors on snall autononous underwater vehicles, focusing on networking and adaptive sanpling.
Denmpnstrated the use of autononopus underwater vehicles (AUVs) technol ogies for bottom mappi ng and mnine
hunting in Kernal Blitz 2001, a 3'® Fleet training exercise

(U Electro-Optic Sensors: Initiated devel opnent of sensor and predictive nodel for on-scene assessment of
diver visibility. Continued devel opment of advanced, nulti-spectral mne identification sensor focusing on
collection of nulti-spectral, nmine identification data. Collected electro-optic mne |ID sensor data for
devel opnment and assessnent of autonmated mine ID al gorithns.

(U) Electro-magnetic Sensors: Conpleted | aboratory testing of thin film |ow tenperature superconducting
gradi oneter. Conpl eted docunentation of test results quantifying expected performance in high speed, surface
vessel operations.

(U) Image Processing, Classification Al gorithnms, and Data Fusion: Continued devel opnment of broad band
processi ng techni ques/al gorithm focusing on the application of H dden Markov techniques to process spectra

i nformation. Continued devel opnent of environnentally adaptive processing techniques to extend
detection/classification range of existing and enmergi ng sensor systens. Continued devel opnent of data fusion
techni ques/al gorithnms focusing on fusion of nmulti-platform nulti-sensor data. Initiated transition of

CAD/ CAC al gorithms to AQS-20 airborne mne counternmeasures program Initiated the devel opnent of nine burial
prediction algorithms focusing on the devel opnent of a nore accurate hydrodynani ¢ nodel for the prediction
of inmpact mne burial. Conpleted mne burial prediction field drop experinments focusing on the hydrodynam cs
of falling mnes.
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= (U)(%$8,600) M NE/ OBSTACLE NEUTRALI ZATI ON: (FY01 acconplishments were funded in PE 0602315N)
(U SZ Mne Neutralization: Denonstrated performnce of Hi gh-Energy Low Pressure expl osive technol ogy
against tilt rod mnes. Initiated study of vulnerability of nagnetic influence m nes obtained from Program
Manager Naval Sea Systens Command ( PMS-490). Devel oped estimtes of these mines interactions with shock and
bubbl e | oadi ng and provi de pre-test predictions in support of Distributed Explosive Technol ogy/ Shal | ow Wat er
Assaul t Breaching (DET/ SABRE) tests. Continued nondeterm nistic nodeling of mne vulnerability, extending
the nodeling to include chenical and reactive dart lethality.

(U) Opbstacle Breaching: Investigated innovative concepts for clearance and burial of SZ and beach obstacl es.
Devel oped supporting technol ogies that are critical to accurate and affordable delivery of high explosive
packages from over the horizon. Devel oped a nethodology that will provide a reliable prediction of

expl osi ve channeling effects produced by using arrays of bonbs to provide a clear path in the surf and beach
and craft |anding zones. Conpl eted assessnents of sequential and sinultaneous bonmb detonations for obstacle
cl earance. Began devel opnent of segnented rod warhead concept for obstacle clearance on | and.

(U Sea M ne Neutralization: Began devel opment of nine janming concepts using ship-degaussing coils. Began
devel opment of precise positional reference systemusing fixed |land and sea beacon nodes.

= (U ($3,000) SEA M NI NG (FYO1l acconplishnents were funded in PE 0602315N)
(U) Continued denpnstrations of mine network concept for Distributed Autononous Detection System ( DADS)
weapon. Conpleted field-testing of guidance sensors and signal processing algorithnms. Conpleted
docunentation of field-test results. Initiated field test of command and control of DADS weapon. Continued
devel opment of command and control hardware/software for minefield control

= (U ($10,450) SPECI AL WARFARE/ EOD: (FY01 acconplishnments were funded in PE 0602315N)
(U Mssion Mbility: Continued devel opment of |ife support equi pnment technol ogies. Transitioned enhanced
Stirling cycle engine technology to PMS-EOD for use in Very Shall ow Water/M ne Count er measures Det achnent
(VSWMCM DET). Initiated efforts to devel op Diver Propul sion Vehicle subsystens with | ower magnetic
signature. Initiated investigation of technology options for Swinmer Delivery Vehicle (EOD) heating system
Conti nued autononmous search vehicle (EOD) devel opnent activities. Continued devel opment of coordi nated
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behavi or and ni ssion execution by Unmanned Underwater Vehicles (UUVs) denpnstrating hydrographic
reconnai ssance and mine hunting during Fleet Battle Experinment Hotel

(U) M ssion Support: Continued devel opnent of UUV technol ogies to support Naval Special Warfare

reconnai ssance and nine clearance nissions. Transitioned underwater photo-curable adhesive technology to
PMS- EOD. Conti nued devel opnent of broadband sonar technol ogies for diver and UUV deploynent. Initiated
devel opment of advanced conformal side-I|ooking acoustic sensors for diver and UUV depl oynent. Conpl et ed
field tests and eval uation of buried mne hunting sonar

(U) dearance of UXO Continued devel opment of technol ogies to enabl e coordi nated behavi or and m ssion
execution by unmanned underwater vehicles. Continued devel opnent of robotic mani pul ators and actuators based
on artificial nuscle materials. Initiated devel opnent of technologies to renptely jam or disable the
functioning of Electronic Safed Arnmed fused devices. Evaluated prom sing techniques for detection of
underwater radiation in a |l aboratory setting.

(U) FY 2001 Congressional Plus-ups: Not applicable

2. (U FY 2002 PLAN:
= (U)(%$35,658) M NE/ OBSTACLE DETECTI ON
(U) Acoustic Sensors: Initiate devel opnent of |ong range SAS npotion conpensation and beanform ng. Conduct
| ow frequency, broadband SAS field tests to acquire data for concept assessnent and devel opnent of
processing al gorithmns. Begin integration of |ow frequency, broadband SAS hardware onto an Aut ononpus
Underwat er Vehicle (AUV). Denpnstrate the enploynent of reconnai ssance and mine hunting aut ononpus
underwat er vehicles froma Hi gh Speed Vessel during Fleet Battle Experinment-Juliet.

(U) Electro-optic Sensors: Initiate real-time processing for airborne LIDAR nulti-spectral mnefield
detection. Initiate collection/characterization of active/passive electro-optic nmne signature data in
coastal marine environnents. Conpl ete devel opnent of high pulse rate laser for mnefield detection. Refine
optical performance predictive nodel for on-scene assessnent of diver visibility. Begin transition of
sensor and predictive nodel for on-scene assessnment of diver visibility.
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(U) Image Processing, Classification Algorithns, and Data Fusion: Initiate devel opnent of environnental
tactical decision aids. Initiate nodeling and sinulation for adaptive planning of anphi bi ous operations.
Conti nue devel opment of environnmentally adaptive processing techniques to extend detection/classification
range of existing and energi ng sensor systenms. Continue devel opment and refinenent of autonmated m ne
identification algorithns. Initiate transition of automated mine identification algorithns to AQS-20/X

ai rborne mne counternmeasures program Conplete the transition of CAD/ CAC algorithns to AQS-20 airborne

m ne count erneasures program Refine broad band processing techni ques/al gorithns using at sea data acquired
fromlow frequency, broadband SAS field-testing. Continue devel opnent of nine burial prediction algorithns,
focusing on scour nodeling and the incorporation of oceanographic data. Conduct mne burial prediction field
experinent focusing on burial by wave induced scour

= (U ($9,900) M NE/ OBSTACLE NEUTRALI ZATI ON
(U SZ Mne Neutralization: Extend mne vulnerability database to include danage fromreactive and chenica
darts for beach zone mines. Initiate devel opnent of computational tools to be used to predict the
performance of dart di spenser nechanisns. |Initiate devel opnent of a sand penetration nodel to be used to
predict the performance of darts and fragnents against buried mnes. Initiate assessment of chenical and
reactive dart lethality agai nst conmon SZ and beach zone (BZ) m nes.

(U) Obstacle Breaching: Conplete the assessnment of explosive channeling as a mechanismfor clearing mnes
and obstacles in the surf zone. Conplete the devel opnent of the Surface Neutralization Bonbl ets (SNUBs)
concept for obstacle clearance. Conduct initial analysis of the effectiveness of segnmented rod warhead
agai nst light and beach obstacles. Initiate devel opnent of a fragnenting warhead concept for mne and
obst acl e cl earance.

(U Sea Mne Neutralization: Initiate devel opnent of advanced |aser targeting for Rapid Airborne Mne

Cl earance System (RAM CS). Conduct field test to determ ne accuracy, required self-survey time, and tenpora
stability of precise positional reference systemusing fixed |land and sea beacon nodes. Conduct field
denmonstration and initiate assessnent of mine janmm ng concepts utilizing ship-degaussing coils.

= (U ($%$1,200) SEA M NI NG
(U) Conplete anal ysis/docunentation of gui dance sensors and signal processing field tests.
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Conpl et e devel opment of command and control hardware/software for minefield control. Field-test the command
and control of DADS weapon.

= (U (%$10,400) SPECI AL WARFARE/ EOD
(U Mssion Mbility: Continue devel opnment of life support equi pment technol ogi es.

(U Mssion Support: Initiate devel opnment of hyperspectral polaroneter prototype. Continue devel opnent of

UWV t echnol ogi es to support VSWreconnai ssance m ssions. Continue devel opnment of virtual environnent-based
training aid and tactical decision aids for NSWnissions. Conplete field tests of synthetic aperture sonar
integrated on a UUV. Begin devel opnent of onboard synthetic aperture sonar processing for AUV integration

Complete field tests of diver portable high frequency inagi ng sonar.

(U) Cearance of UXO Continue devel opnent of technol ogies to enabl e coordi nated behavi or and mi ssion
execution by unmanned underwater vehicles. Conplete devel opnment of robotic mani pul ators and actuators based
on artificial nuscle materials. Continue devel opnment of technologies to renptely jam or disable the
functioning of Electronic Safed Arnmed fused devices.

3. (U) FY 2003 PLAN:
= (U)(%$38,113) M NE/ OBSTACLE DETECTI ON

(U) Acoustic Sensors: Conplete integration of |ow frequency, broadband SAS hardware onto AUV. Conduct
initial at sea testing to quantify performance and collect data to refine | ow frequency, broadband-
processi ng techni ques. Conpl ete devel opnment and assess performance of | ong range SAS notion conpensation and
beanf ornmi ng techni ques using existing SAS field data. Begin devel opnent of obstacle avoi dance sonar for
AUVs. Denonstrate autononous reconnai ssance and mne hunting technol ogi es during Fleet exercise such as
Kernal Blitz 2003.

(U) Electro-optic Sensors: Conplete the collection and characterization of active/passive electro-optic mne
signature data in coastal marine sedinents. Refine real-tinme processing algorithns for airborne LIDAR/ nulti -
spectral minefield detection utilizing active/passive signature data. Denonstrate day/night airborne
reconnai ssance of nminefields during a fleet exercise such as Kernal Blitz 2003. Conplete transition of
optical sensor and predictive nmodel for on-scene assessment of diver visibility.
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(U I'mage Processing, Classification Al gorithms, and Data Fusion: Conplete the transition of automated mine
identification algorithms to AQS-20/X airborne m ne counterneasures program Conplete refinenment of
automated m ne identification algorithnms. Continue devel opnent of environnental tactical decision aids,
focusing on the near shore environnment. Continue nodeling and simulation for adaptive planning of anphibi ous
operations. Begin integration of mne burial predictive nodels into expert systemtactical decision aid.

= (U)(%$9,100) M NE/ OBSTACLE NEUTRALI ZATI ON
(U SZ Mne Neutralization: Conplete nodel devel opnment of shock interaction and propagation through the
seabed. Conpl ete assessnent of chemical dart lethality against common SZ and BZ mines. Conpl ete devel opnment
of conputational tools to be used to predict the performance of dart di spenser nechani sns. Begin assessnent
of performance of dart dispenser nechani sns. Conpl ete devel opnent of dart and fragment sand penetration
model . Expand mine vul nerability database to include danage fromreactive and chemi cal darts agai nst surf
zone mnes.

(U) Opbstacle Breaching: Conplete analysis of the effectiveness of segmented rod warhead against |ight and
medi um beach obstacl es. Conpl ete devel opment of a fragnenting warhead concept for nine and obstacle
cl earance. Continue assessnent of advanced obstacl e breaching technol ogi es.

(U) Sea M ne Neutralization: Continue devel opnent of advanced |aser targeting and initiate devel opment of
advanced fire control algorithms for (RAM CS). Conpl ete devel opment of precise positional reference system
usi ng fixed |land and sea beacon nodes. Conpl ete assessnment of mine jamm ng concepts utilizing ship-
degaussi ng coil s.

= (U)(%$1,100) SEA M NI NG
(U Initiate devel opnent of advanced sea m ne concepts. Initiate technol ogy assessnent of advanced target
detection and tracking sensors and al gorithns.

* (U)(%$8,500) SPECI AL WARFARE/ EOD
(U Mssion Mbility: Continue devel opnent of |ife support equipnment technol ogies.
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(U M ssion Support: Continue devel opnent of hyperspectral pol aroneter prototype. Begin devel opnent of

optim zed search strategies for multiple, cooperating AUVs for reconnai ssance. Continue devel opnent of AUV
sensi ng, comuni cations, and navi gati on technol ogies to support VSWreconnai ssance m ssions. Begin
integration of enbedded synthetic aperture processing into AUV to comrunicate target information to a
control authority. Conplete devel opnent of virtual environnent-based training aid and tactical decision aids
for NSW nissions.

(U) Cearance of UXO Continue devel opnent of technol ogies to enabl e coordi nated behavi or and mi ssion
execution by unmanned underwater vehicles. Begin devel opnent of advanced robotic nobility actuators.
Initiate advanced robotic search strategies. Conplete devel opnment of technologies to renptely jam or
di sabl e the functioning of Electronic Safed Armed fused devi ces.

C. (U PROGRAM CHANCGE SUMVARY

FY 2001 FY 2002 FY 2003
FY 2002 President’s Budget ** 57, 668
Adj ustnents from FY 02 PRESBUDG
Section 8123 Managenent ReformlInitiative -510
FY 2003 President’s Budget Request: ** 57, 158 56, 813

**The Sci ence and Technol ogy PEs were restructured in FY 2002. FY 2001 efforts were funded in PE 0602315N
(U) PROGRAM CHANGE SUMVARY EXPLANATI ON

(U) Schedule: Not Applicable
(U) Technical: Not Applicable

D. (U OTHER PROGRAM FUNDI NG SUMVARY:
(U RELATED RDT&E:

(U NAVY RELATED RDT&E
(U) PE 0601153N (Defense Research Sciences)
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PE 0602131M (Marine Corps Landi ng Force Technol ogy)

PE 0602435N (Ocean Warfighting Environnent Applied Research)

PE 0603502N (Surface and Shall ow Water M ne Counter neasures)

PE 0603654N (Joint Service Explosive Ordnance Devel oprment)

PE 0603782N (M ne and Expeditionary Warfare Advanced Technol ogy)
PE 0604654N (Joint Service Explosive Ordnance Devel opnent)

PE 0603640M (Marine Corps Advanced Technol ogy Denp)

RELATED RDT&E:

PE 0602712A (Counterni ne Systens)

PE 0603606A (Landm ne WF and Barrier Advanced Technol ogy)

PE 1160401BB ( Speci al Operations Technol ogy Devel opnent)

PE 1160402BB ( Speci al Operati ons Advanced Technol ogy Devel opnent)
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E. (U SCHEDULE PROFI LE: not applicable
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